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ABSTRACT 
Comparison has been made of a simple method originated by Absolon and modified 
in our laboratories for assay of proteolytic activity using RISA (radioactive iodinated 
serum albumin--Abbott Laboratories), with the commonly used photometric methods 
of Anson and Kunitz.  In this method, pepsin was incubated with an albumin sub- 
strate containing RISA, followed by precipitation of the  undigested  substrate with 
trichloroacetic acid and measurement of radioactive digestion  products in the super- 
natant fluid. 
The Im-aJbumin bond was shown in the present studies to be altered only by the 
proteolytic activity, and not by the incubation procedures at various values of pH. 
Any free iodine  present originally  in  the  RISA was removed by a  single  passage 
through  a  resin  column  (amberlite IRA-400-CI). 
Pepsin was shown to be most stable in solution  at a pH of 5.5. Activity of pepsin 
was shown to be maximal when it was incubated with albumin at a pH of 2.5. Pepsin 
activity was shown to be altered in the presence of various electrolytes. Pepsin activ- 
ity measured by the RISA and Anson methods as a function of concentration or of 
time of incubation indicated that these two  methods are in good agreement and are 
equally sensitive.  Consistently smaller standard  errors were obtained by the  RISA 
method of pepsin assay than were obtained with either of the other methods. 
Numerous methods have been developed for assaying proteolytic activity. 
These  include  measurements  of  light  absorption  (I,  2),  conductivity  (3), 
turbidity  (4), viscosity (5), and optical rotation  (6). The methods of Anson 
(I) and Kunitz (2) have been used by most investigators in studying proteolytic 
activity.  Investigations in our laboratories indicate  that some diluents  inter- 
fere with  the  photometric measurements involved in  both  of  these methods 
and invalidate the results. 
Recently,  a  simple method  for  detecting  activities  of pepsin  and  trypsin 
* Supported  by grants  from the  Atomic Energy  Commission  (contract No.  AT 
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using  RISA  I  (radioactive  iodinated  serum  albumin--Abbott  Laboratories) 
was developed by Absolon (7).  This method has been modified in our labora- 
tories and has been used during the last three years in investigations involving 
both pepsin and trypsin.  Results obtained using this  method for the assay of 
trypsin activity and for study of the  effect of irradiation  on these  enzymes 
will be published later. Our studies have shown that not only does the use of a 
RISA substrate provide a very simple method for assay of pepsin activity and 
eliminate problems associated with photometric analysis, but it also provides 
results which are readily reproducible. 
This is a report of various factors affecting pepsin activity as measured using 
a  RISA  substrate,  the  Anson  method,  or  a  spectrophotometric  technique 
modified after that used by Kunitz for assay of trypsin. This latter modifica- 
tion consisted of substituting hemoglobin substrate for casein because of the 
insolubility of casein at  the  low pH required  for analysis of the  activity of 
pepsin. 
I 
Materials and Methods 
(a)  Pepsin.--Crystalline  pepsin  (NF-X granular)  used  in  these  studies  was dis- 
solved in various media at concentrations  dependent upon the nature of the investiga- 
tion. Solutions of pepsin in which the solvent was distilled water  or a  0.005 •  buffer 
solution were always included as controls. 
(b) Substrate.--Egg albumin  (Mallinckrodt  Laboratories)  was dissolved in distilled 
water at a concentration  of 4 mg./ml. This was then diluted  1:1 with 0.2 ~  H,PO4 
to form the  stock  solution  for analysis  employing  RISA. Immediately before use, 
I microcurie of RISA was added to each 10 ml. of this Stock solution which was then 
passed  through an  anion  exchange resin  column  to  remove  radioactive  iodine not 
bonded to albumin  (8). The addition of stable albumin to the substrate  was necessary 
to promote precipitation  of the undigested protein at the termination  of the incubation 
of this substrate  with pepsin. 
Hemoglobin dissolved in water and acidified with  0,3 N HC1 served as the sub- 
strate for anlyses by both the Anson and the spectrophotometric  methods. 
(c)  Experimental  Procedure.--To measure enzymatic activity a fixed amount of one 
of these  substrates  was added  to each  tube of the enzyme solution after which all 
tubes were incubated  in a water bath at 37°C. for 1 hour.  Following the incubation 
period  instantaneous  inactivation  of the enzyme and precipitation  of both enzyme 
and substrate were achieved by the addition  of acid (15 per cent triehloroaeetic  acid 
for the RISA method and 5 per cent trichloroacetic  acid for the Anson and speetro- 
photometric  methods). 
After centrifugation,  aliquots  were taken for the various  analyses. For the RISA 
method,  the radioactive  iodine freed from the digested albumin  molecules remained 
in the supernatant fluid. The gamma radiation  emitted  by the iodine in an aliquot of 
the supernatant was assayed in a well scintillation counter as a measure of the enzyme 
1  RISA contains  from 0.3  to 0.7  millicurie of carrier-free  radioactive  iodine, and 
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activity. Analyses  of the supematant from the hemoglobin substrate were made ac- 
cording  to  the  methods outlined  by Anson  and Kunitz. 
II 
Prdiminary Investigations 
(a)  Im-Albumln  Bond.--It  was  deemed  necessary  to  investigate  some  of 
the  characteristics  of  the  Ira-albumin  bond  to  determine,  if  possible,  any 
spontaneous  splitting of this  bond  during  the  course of an experiment.  Also 
of importance was the removal of any "free" iodine, or at least the reduction 
of its concentration to such a degree that it would not interfere with measure- 
ments.  2 Because of the factor of time associated with a  dialysis procedure,  a 
search was made for an  effective, but  less time-consuming technique  for re- 
moving  this  free  iodine.  The  relatively  short  half-life  of  iodine  m  (8  days) 
and  the  spontaneous  breakdown  of the  substrate  on  standing  (especially at 
high pH) made this time factor for removal of this iodine especially important 
in  order  to  maintain  adequate  amounts  of  albumin  substrate  available  for 
experimentation. 
Amberlite  (IRA-400-C1, Rohm  and  Haas  Company),  an  anion  exchange 
resin, is effective in reducing the free iodine activity to less than 1.5 per cent 
of the total activity. This indicates that about three-fourths of the free iodine 
is absorbed by one passage of the  substrate  through  a  6  inch resin  column. 
Very little,  if any,  of the  iodine  bonded  to  the  albumin was  trapped  in  the 
column.  The  column  was  found  to  be  slightly  more  effective in  removing 
free iodine at alkaline pH than under acidic conditions. 
A further test of the effectiveness of the resin column was made with a mix- 
ture  of  inorganic  I m  and  albumin  which  was  permitted  to  stand  at  room 
temperature for 1 hour before use. Less than 2 per cent of this iodine passed 
through the column even though its concentration was several times that found 
in RISA. This indicated  (1) very little, if any, spontaneous bonding of iodine 
and albumin takes place under  these conditions,  and  (2)  the iodine must be 
bonded to the albumin in order to be passed through this column. 
Other tests on the stability of the bond included the subjection of the sub- 
strate  to  acids  and bases in  concentrations  above those  used  in  any experi- 
ments,  as  well  as  to  temperatures  well  above  and  below  the  useful  range. 
There  was  no  significant  change  in  free  iodine  content  when  the  substrate 
alone was incubated  at various values of pH. In all such  tests there was no 
significant rupture of the iodine-albumin bond. 
* Stock solutions  of RISA contained from 4 to 6 per cent radioactive iodine which 
was not bonded to albumin molecules. This free iodine may still have been attached 
to amino acids such as tyrosine. Since this iodine was also present in the aliquot taken 
for analysis of the amount of iodine split from the albumin as a result of enzyme ac- 
tion,  its presence could mask the effect of small  enzymatic activity by introducing a 
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Although the aforementioned tests indicated that this substrate was suitable 
for these studies, adequate controls were always included. Within each experi- 
ment, duplicate analyses were made for each experimental point and individual 
experiments  were  usually  repeated  as  many as  four  times  to  insure  repro- 
ducibility. 
(b)  Pepsin Activity as a Function of Solvent pH Prior to Incubation.--Pepsin 
was  dissolved to give a  concentration  of 0.1  mg/ml,  in solutions containing 
varying amounts of 0.005 N citric acid and 0.005 N NaOH to give a pH range 
from  2.2  to  12.1.  The  RISA  substrate  made  up  in  phosphoric  acid  buffer 
TABLE I 
Pepsin Activity in Arbitrary  Units (with Standard Error) as a Function of pH of 
Solvent Prior to Incubation 
Incubation pH 1.8-1.85. Time between solvation and incubation of pepsin, 3 hours. 
pH  Pepsin activ~tty  s.:~.  ) 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
8.0 
89  -4-  6.9 
93  4.0 
87  5.2 
90  5.3 
96  3.8 
100  6.8 
102  5.5 
99  6.0 
80  0.1 
20  0.1 
0 
(pH 1.8  or 2.0)  was then added  and all tubes were incubated  as usual.  The 
pH of all solutions was checked after addition  of the citric acid-sodium hy- 
droxide mixture and again after addition  of the  buffered substrate.  The pH 
during incubation was controlled within 0.03 of the mean pH in all tubes. The 
combined results of three independent studies of the effect of pH on the ac- 
tivity of pepsin are shown in Table I. 
Most of the pepsin is irreversibly denatured if the pH of the solution is per- 
mitted to go above 6.5, as has been reported by several investigators (9-11). 
These reports state that the denaturing of pepsin in the interval of pH above 
6.0  is a  first order reaction with  a  rate proportional to the concentration  of 
hydroxyl ions. Evidence that this inactivation is not due to the concentration 
of sodium ions present was demonstrated through the use of sodium chloride 
solutions as the enzyme solvent (Table III). The results indicate a  slight de- 
pression in the pepsin activity in the region of pH 3 to 4. This may be attributed 
to partial autolysis since this pH is  near that  for optimum  pepsin  activity. LOKEN~ TEKI~LL, MARVIN, AND MOSSER  255 
Although this general trend was reproduced in all three experiments the magni- 
tude of the standard errors indicates that this effect may not be real.  The 
highest pepsin activity was found when the pH of the solution was maintained 
at 5.5 prior to incubation. This has been reported to be the pH for maximum 
stability for pepsin (12). 
(c)  Pepsin  Activity  as  a  Function  of  Substrate  pH  during  Incubation.-- 
Pepsin was dissolved to give a  concentration of 0.1 mg./ml, in either 0.01  N 
citric acid or deiortized water. A shift in pH of the substrate from 2.0 to 7.0 
was  accomplished using varying concentrations of  the  components  of Mc- 
TABLE II 
Pepsin Activity in Arbitrary Units (with  Standard Error) When Incubated with 
Substrate at Various pH's 
Time between solvation and incubation of pepsin, 3 hours. 
Pepsin  activity 
pH  (± s.x.) 
0.5 
1.S 
2.0 
2.5 
3.0 
3.5 
4.5 
5.5 
6.5 
7.0 
66  ~  12.0 
78  6.9 
93  4.0 
1~  1.0 
96  5.0 
86  9.4 
9  1.7 
4  2.0 
2  0.1 
0 
Ilvaine's buffer. Lower values of pH were achieved by adding HCI to the citric 
acid. After addition of the substrate, the incubation and analyses were carried 
out as usual. The results are shown in Table II. 
In the majority of our studies with pepsin, the activity of the enzyme has 
been assayed at pH from 1.8 to 2.2, which is slightly below the pH for optimum 
activity with the albumin substrate. This range of pH was chosen as being most 
compatible with the values used in techniques of other investigators with which 
the RISA method might be compared. 
HI 
Pepsin Activity as Measured with RISA or Hemoglobin Subslrates 
(a)  Activity of Pepsin as  a  Function of Its Concentration.--The  results in 
Fig. 1 show that at low concentrations the RISA and Anson assay methods 
show excellent agreement. An inadequate amount of substrate at the higher 
enzyme concentrations leads to the change in the slopes of the curves as shown. 
The time of incubation was maintained at 1 hour. 200  I  I  I  I  "  I  It  / 
~  160- 
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FIG.  1. Pepsin activity vs. concentration (comparison of two assay methods). 
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FIG.  2. Pepsin activity  vs. incubation  time  (comparison  of  two assay methods). 
TABLE  III 
Effect of Various Concentrations  of Salt Solutions on the Activity of Pepsin 
Solvent 
0.5 N NaC1 
0.05 N NaC1 
0.005 N NaCI 
0.5 N CaCI2 
0.05 N CaCls 
O. 005 N CaCI2 
0.5 N MgC12 
0.05 N MgC12 
0.005 N MgC12 
pH of 
solution 
prior to 
incubation 
6.0 
6.0 
6.1 
5.9 
6.0 
6.3 
5.6 
5.8 
5.9 
pH during incubation 
Aason and 
spectro- 
~hotametrlc 
2.2  1.5 
2.2  1.5 
2.2  1.6 
2.1  1.5 
2.2  1.5 
2.2  1.6 
2.1  1.5 
2.2  1.5 
2.2  1.6 
2.2  1.6  H20  6.4 
RISA 
Per cent of activity of pepsin in HIO 
(with standard errors) 
Anson  RISA 
94  4-  6.8 109 
96  2.4 112 
108  3.9 128 
25  1.1  16 
47  1.9  96 
89  6.2 112 
92  2.7 
109  4.8 
107  3.4 126 
100  2.9 100 
Spectro- 
photometric 
* Results not tabulated due to discrepancies m  data.  Diluent apparently interfered with 
analyses. 
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4-  24.C,  99  -4-  21 
14.C] 98  I0. 
42.{]!125  5. 
4.3  16  8. 
22.C  91  4. 
6.1 109  5. 
I 
*  105  13. 
*  124  0.1 
160 109  16. 
2.2 100  16.5 LOKEN,  TERRILL~  MARVIN~  AND  MOSSER  257 
(b)  Activity of Pepsin as a Function of Incubation  Time.--Results  using the 
RISA and Anson methods for measuring peptic activity versus its incubation 
time are shown in Fig. 2. Pepsin concentration was maintained at 0.1 mg./ml. 
These  results  indicate  that  these  two methods are  of comparable  sensitivity 
in  assaying activity of pepsin. 
(c)  The Effect of Various Electrolytes  on the Activity of Pepsin.--Pepsin  ac- 
TABLE IV 
E~e~t of Various Concentrations of Acids on the Activity of Pepsin 
Solvent 
RISA 
0.5NItCI  44  4-  2.8 
0.05 N HCI  84  2. 
0.005 N HCI  105  2. ? 
0.5 N HNOs  14 
0.05 N HNO,  67 
0.005 N HNOs  86 
0.5 N citric  74 
0.05 ~ citric  96 
0.005 ~ citric  103 
0.5 N H~SO,  48 
0.05 N H~SO,  82 
0. 005 ~ H~SO4  94 
H20  100 
Per cent of activity of pepsin in HzO 
(with standard errors) 
0.,~ 
4.2  61 
3.~  61 
3.6  66 
4.3  76 
1.2  78 
2.4  37 
2.4  51 
3.0  68 
4.8 100 
Anson 
20  ±  4.1 
61  0.1 
3.1 
8.9 
2.3 
2.1 
3.1 
Spectro- 
photometric 
65  -4-  5.1 
50  4.4 
60  3.4 
4.0 
2.1 
6.5 
82  6.1 
78  0.1 
10.5 
37  2.4 
47  3.4 
61  0.1 
100  9.8 
* Results not tabulated due to large discrepancies in data. Diluent  apparently interfered 
with analyses. 
tivity assayed by the RISA, Anson, and spectrophotometric (Kunitz) methods 
is illustrated  in Tables  III and IV. Data for these tables  were obtained from 
two independent experiments, each containing solutions of pepsin (0.1 mg./ml.) 
in which the solvent was distilled  water.  Included in these tables are the pH 
values of the  enzyme in solution with  these various electrolytes prior to and 
during incubation. 
The use of the RISA substrate  provides an assay of pepsin activity with a 
consistently smaller standard error than is obtainable with either of the other 
more conventional  methods.  Analyses  (in  triplicate)  were made  for each ex- 
perimental point. All methods of assay show an increase in the activity of pepsin 258  TtIREE METHODS FOR MEASURING PEPSIN ACTIVITY 
as the concentrations of ions in all these diluents were decreased. There is evi- 
dence that 0.005 N NaCl and MgCI~ solutions are capable of increasing pepsin 
activity above  that exhibited by the  controls  (pepsin  dissolved in  distilled 
water). This increase is most apparent from the data obtained using the RISA 
substrate because of the smaller errors involved in the measurements. 
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